This issue of the British Journal of Cance r contains two related papers addressing the feasibility of increasing the intensity of adjuvant chemotherapy by increasing the frequency of administration. This approach, called 'dose-dense' treatment, is predicated on several related observations and hypotheses. First, fractional cell kill has been observed in selected experimental tumour models, suggesting that while a single cycle of effective cytotoxic chemotherapy may not be curative, multiple cycles should be if the cells are drug-sensitive and the duration is adequate (Skipper, 1971) . Secondly, the dose-to-response relationship for some of the most active drugs against breast cancer may not rise continually but instead appears to reach a plateau in the higher end of the normal dose range (Fisher et al, 1997 (Fisher et al, , 1999 Henderson et al, 1998) . Thirdly, prior adjuvant treatment with some drugs does not preclude the possibility of a response upon retreatment, suggesting that we are not eliminating all sensitive cells when we use currently available standard agents and regimens (Valagussa et al, 1986) . Fourthly, tumour regrowth may be particularly rapid when the number of viable cells is at its lowest because of the Gompertzian shape of the growth curve (Norton et al, 1976) . Hence, cell cycle-specific agents might be most useful if applied quickly after a prior treatment when the cells are dividing most rapidly. In addition, this growth pattern is consistent with the observed results of adjuvant therapy trials in terms of their modest impact on outcome and also with the possibility that conventional chemotherapy renders patients much closer to complete cure than it might otherwise seem. Dose-density is a relative concept. A regimen standing alone cannot really be said to be dose-dense except in comparison to another treatment plan. Treatment with a fixed dose of drug 'D' every 2 weeks is therefore more dose-dense than the same drug dose given for the same number of cycles at 3-week intervals. In contrast, 'dose-intensity' is a mathematic transformation which takes into account not only dose size but also the relative value of individual drugs and the total duration of treatment. However, it specifically does not account for frequency of administration and assumes, for example, that drug 'D' given at dose 'X' once every 4 weeks has the same effect as when it is given at 1/4X weekly for four weeks doses. In both cases the dose-intensity calculates as 1/4X per week but the real biological effect could be quite different, particularly if 1/4X is as cytotoxic as X. Indeed, the observations and hypotheses described above predict that even if dose X is four times more effective than 1/4X, it may have a lesser overall impact than the smaller dose given more often. This is the prime motivation behind the testing of dose-dense regimens.
The purest clinical test of dose-dense chemotherapy to date may be the randomized trial of alternating or sequential cyclophosphamide, methotrexate, and 5-fluorouracil (CMF) and doxorubicin (A) . Over 400 women with four or more involved axillary nodes received four cycles of doxorubicin and eight of CMF. The less dose-dense arm utilized an alternating plan of two cycles of CMF followed by one cycle of doxorubicin (CCACCACCACCA) while the more dose-dense arm consisted of all four cycles of doxorubicin followed by all eight of CMF (AAAACCCCCCC). At 10 years of follow-up the latter remains significantly superior. To take advantage of the hoped-for steep dose-response relationship for cyclophosphamide, we performed a pilot trial substituting high-dose cyclophosphamide in place of CMF in the sequential plan. Here the dose of cyclophosphamide was escalated and the density of treatment was increased by shortening the inter-treatment interval to 14 days (Hudis et al, 1999a) . This was made feasible by using granulocyte-colony stimulating Factor. Every 14-day administration of cyclophosphamide had been tested by the Cancer and Leukemia Group B in metastatic disease using granulocyte macrophage-colony stimulating factor, but the use of this regimen within weeks of high-dose doxorubicin had be tested before a randomized trial could be started (Lichtman et al, 1993) . Based upon these results, the Southwest Oncology group led a randomized trial (SWOG 9313) of concurrent versus sequential doxorubicin and cyclophosphamide for patients with 0-3 involved lymph nodes, the results of which are awaited.
Based on its promising activity, paclitaxel was then added to the sequential dose-dense regimen of doxorubicin and cyclophosphamide resulting in the ATC regimen comprising three courses of each at 2-week intervals (Hudis et al, 1999b) . This pilot trial also utilized escalated doses and granulocyte-colony stimulating factor to maintain the planned 2-week dosing intervals so that the nine cycles of treatment were planned to require 18 weeks. Based on the outcome of this and a second small feasibility trial, another SWOG-coordinated randomized trial (SWOG 9623) was begun (Hudis et al, 1996) . Here dose-dense sequential doxorubicin, paclitaxel, and cyclophosphamide (ATC) given at 2-week week intervals is being compared to concurrent AC given for four courses at 3-week intervals followed by 'conventional' high-dose autologous stem-cell supported consolidation. This trial is open only to patients with 4 or more involved axillary nodes and is about halfway accrued.
Despite these trials, proof that dose-density matters, or at least that it does at the extremes of dosing intervals which require growth factor support, is lacking. The Cancer and Leukemia Editorial Dose-dense chemotherapy for breast cancer: the story so far
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Breast Cancer Medicine Service, Memorial Sloan-Kettering Cancer Center, 1275 York Avenue, New York, NY 10021 USA Group B has already completed a trial in which 2005 patients received four doses of doxorubicin 60 mg m -2 , cyclophosphamide 600 mg m -2 , and paclitaxel 175 mg m -2 with randomization between every second (more dose-dense) or third (less dosedense) week treatment intervals. In addition these patients were randomized to treatment with sequential single agents (AAAATTTTCCCC) or concurrent AC followed by paclitaxel. This well-controlled trial will go far in determining the real world value of increasing the dose-density of conventional dose chemotherapy.
The two papers included in this issue add information regarding the feasibility of increasing dose-density. The paper by Bos et al was designed to determine the tolerance for relatively dose-dense CMF administered 2 weeks out of 3 for a total of six cycles as adjuvant treatment (Bos et al, 2000) . Because the interval for 'conventional' day 1 and 8 CMF has been 4 weeks in most prior regimens, this represents a 25% increase in dose-density. Alternatively, compared to 'conventional' intravenous CMF given once every 3 weeks, this represents a 50% increase in dose-intensity and perhaps a doubling of dose-density as well. The use of 750 mg m -2 of cyclophosphamide somewhat increases dose-intensity compared to the usual dose of 600 mg m -2 used in many other regimens. However, the aforementioned NSABP studies suggest that this slight increase in dose and dose-intensity may not be worthwhile (Fisher et al, 1999; 1997) . Nevertheless, among these 23 otherwise-healthy relatively young women (median age 44 years) these investigators clearly demonstrate that a more dosedense administration of intravenous CMF is feasible if accompanied by granulocyte-colony stimulating factor. They also show that more liberal guidelines for dose-reductions and delays are feasible with CMF, so long as one accepts the increased risks of neutropaenia and anaemia. The most pressing question, however, is whether the patients fare better than with other interventions. For example, it might be that simply adding an anthracycline and/or a taxane, or trastuzumab in appropriate cases, could yield improved results compared to the standard CMF regimen and at lesser cost in terms of toxicity (EBCTCG, 1998; Henderson et al, 1998) At the same time, it is worth noting that for a variety of reasons, a significant proportion of patients is routinely treated with CMF and a better CMF could therefore be important.
Given the apparent superiority of anthracycline-containing regimens seen in the overview, the global trend towards increased use among many subsets of patients, and the demonstration that paclitaxel adds to standard adjuvant AC and increases the activity of single-agent doxorubicin, the second paper, by Lalisang et al, is particularly timely (EBCTCG, 1998; Lalisang et al, 2000) . Their testing of the ET combination is rational given that AT was very active in phase II studies and epirubicin may offer decreased cardiotoxicity with no loss of efficacy (Dombernowsky et al, 1995; Gianni et al, 1995; Jain et al, 1985) . Here they carefully determined the feasibility of using granulocyte-colony stimulating factor to reduce the interval between doses of ET. Thus, this study tested the feasibility of increasing dose-density while maintaining dose-level.
Subsequently, after establishing the 'MTD' for ET (75/135 mg m -2 ) as a 10-day dosing interval, they tested 75/175 and showed this to be feasible at 10-day intervals as well. At this interval, they judged the toxicity to be mild and, compared to recent studies of high-dose autologous stem cell-supported programs, they are correct. However, again toxicity was certainly more than one would anticipate with AT or ET given at 21-day intervals, and the worth of the shorter more dense treatment plan must be established before considering this for general use. In addition to the randomized studies described above, there are several adjuvant therapy trials planned or underway which seek to determine the benefits of more dose-intensive and dose-dense treatment plans utilizing EC and ET in the adjuvant setting and these must be completed before we can begin to judge the worth of more dose-dense ET.
Do these two studies advance our field? The answer to this question is maybe, but only moderately. For sure these studies add to the literature showing that more dose-dense regimens are feasible largely through the use of granulocyte-colony stimulating factor. At least one study from the pre-growth factor era suggests that dose-density matters, but to date no study has established that this last increment of dose-density -the use of standard doses at sub-3 week intervals -made feasible through the use of growth factors, is worthwhile. Given the disappointing and somewhat surprising results of the three large North American trials of dose and dose-intensity for doxorubicin (Cancer and Leukemia Group B 9344) (Henderson et al, 1998) and cyclophosphamide (Fisher et al, 1997; 1999) we should not take for granted that increased dosedensity or dose-intensity will improve outcomes. We can hope that this is so and we can hypothesize that this is so but we owe it to our patients to quickly and efficiently address the value of dosedensity through appropriate randomized studies. Until then, these approaches remain exciting but not quite ready for routine use.
